Background: Catheter related blood stream infection (CRBSI) is a complication of central venous catheter (CVC) use. This Infection particularly in the ICU population results in higher levels of morbidity and mortality coupled with greater costs in terms of care and increased duration of hospital stay. Aim & Objectives: The aim of this study is to improve the safety of patients with CVC via decreasing the incidence of CRBSI in ICUs patients at Zagazig University Hospital through the following objectives: 1-Calculation the incidences of CRBSI in ICUs patients over six months before and after intervention through active surveillance. 2-Assessment the level of the knowledge and adherence of health care providers in ICUs to evidence based guidelines recommended by CDC to decrease the incidences of CRBSI in ICUs patients before and after intervention. 3-Implementation of health education program on ICUs health care providers i.e. providing them by information about evidence based guidelines recommended by CDC to decrease the incidence of CRBSI in ICUs patients.
INTRODUCTION
atheter related blood stream infections (CRBSIs) are associated with significant morbidity, mortality, and costs (1) . Risk factors for CRBSI include the introduction of bacteria into the circulation through invasive central venous and arterial catheter, tunneled central catheters, and peripherally inserted central lines and intravenous lines. Additionally, multiple factors can lead to primary infection with secondary bacteremia including head injury, sedation, malnutrition, immuno-suppression, mechanical ventilation and surgery (2) . Patients in intensive care units (ICUs) are at an increased risk for CRBSIs because 48% of ICU patients have indwelling central venous catheters (CVC), accounting for 15 million central catheter days per year in United States ICUs . According to the report from the National Healthcare Safety Network (NHSN) of the U.S and Centers for Disease Control and Prevention (CDC), CRBSI occurs at a mean rate of 2.9 per 1000 catheter days for medical ICUs in American hospitals (4) . Mortality attributable to CRBSI has been estimated to be as high as 35%, and the length of hospital stay is increased among infected patients (5) . The average cost of care for a patient with this infection is $45,000 such infections could cost up to $2.3 billion annually (6) . Therefore, interventions aimed to decrease the infection rate are necessary to reduce serious public health consequences of this nosocomial infection . Many studies have shown reductions in the rates of CRBSI by various interventional efforts, including education and surveillance (7) (8) (9) . The CDC, the Society of Critical Care Medicine, the Society of Healthcare Epidemiologists of America, the Infectious Disease Society of America and several other societies have recently developed evidence based guidelines for the prevention of catheter related blood stream infection (3) . These recommended guidelines are educating and training healthcare personnel who insert and maintain catheters; using maximal sterile barrier precautions during CVC insertion; using 2% aqueous chlorhexidine skin preparation for antisepsis; and replacement of CVC with aseptic measures. (10) . The aim of this study is to improve the safety of patients with CVC via decreasing the (A) All patients with CVC of both ICUs were consecutively enrolled during the period of study (6 months before and after intervention). 1-In surgical ICU, 435 patients before intervention and 336 patients after intervention were included in the study. 2-In emergency ICU, 306 patients before intervention and 381 after intervention were included in the study. (B) All health care providers (nurses and physicians) who were working in the studied units and involved in insertion, maintenance and care of CVC during the period of study were included in the study. They were 52 health care providers, 40 of them were nurses and 12 were physicians in surgical ICU and 32 health care providers, 24 of them are nurses and 8 physicians in emergency ICU.
II. Operational design:
A. Data collection: 3 phases 1 st phase (Pre-intervention): Duration: 6 months (from November 2011 to May 2012). Activities: ***A-Active surveillance for calculating the incidence of CRBSI (CVC-related BSI).
Incidence of CVC -related BSI =number of CVC related BSIs / number of CVC-days (12) .
Surveillance Methodology
The collection of infection data for BSIs and their corresponding denominator data was performed using active, patient-based, prospective surveillance of the population at risk (i.e. patients who have central lines). This means that the infection was sought out during a patient's stay by screening a variety of data sources, such as microbiology reports, patient records, clinical notes, temperature charts.
Denominator Central venous catheter -days (CVC-days)
At the same time every day, the number of patients with central venous catheter was counted, if a patient with central lines is temporarily off the unit for testing, the central line day is counted. If patient with CVC has been discharged or transferred to another unit, the central line day is not counted. The sum of these daily counts was recorded at the end of the study period.
Specimen collection:
For clinically suspected CR -BSI: the central line was aseptically removed, the distal 5 cm of the catheter was amputated and cultured using a standardized semi-quantitative method. In addition to another blood sample from a peripheral vein was taken on blood culture bottles, subcultured on blood agar plates (12) . Laboratory-confirmed CR-BSI is laboratory confirmed as a patient with a central venous catheter in place has a recognized microorganism that isolated from another peripheral vein blood cultures after at least 48 hours of central venous catheterization and is not related to an infection at another site (12) . B-Extra period of ICU stay was calculated by subtracting the average period of ICU stay of patients without CRBSI from that of patients with CRBSI in this study (13) .
C-Observation of catheter insertion by health care providers using catheter insertion checklist which include items about procedure (site used, hand washing, sterilization procedure site, use maximal sterile precaution and if sterile dressing was applied to site after procedure) (14) . D-Assessment of health care providers' knowledge about nosocomial infection and CVC through a constructed questionnaire that covers the following areas: 1-Socio-demographic characteristics of health care providers in studied ICUs (age, education, duration of experience per years). Activities: A-active surveillance for recalculating incidence rate of CVC -related BSI after intervention. B-Extra length of ICU stay was calculated C-Re-observation of catheter insertion by health care providers using catheter insertion checklist to assess adherence to guidelines after intervention. D-Reassessment of health care providers' knowledge about nosocomial infection and central venous catheter after intervention. E-Reassessment of infection control infrastructure in both ICUs.
III. Administrative design and Ethical issues:
An official permission from Zagazig University, Faculty of medicine was taken to both intensive care units. The title and objectives of this study was explained to them to insure their cooperation. The local authority and manager of ICUs at Zagazig university hospital was informed about the nature and steps of the study and written consent was taken. The study group was informed about the nature and the purpose of the study and verbal consent was taken before interview. The study group was not exposed to any harm or risk. Patient's data was confidential.
IV. Statistical analysis of the recorded data:
The collected data were computerized and statistically analyzed using SPSS program (Statistical Package for Social Science) version 16 (17) . For the statistical calculations Data coding was done, and Qualitative data were represented as frequencies and percentages, Chi-square test ( 2 ), Mc Nemar test and Fisher Exact test was carried out for testing the association between the qualitative data whenever possible. Quantitative data were compared using student's t-test and Mann-Whitney test. The test results were considered significant when p-value <0.05.
RESULTS
The mean age of studied sample was 26.28 ± 3.9 years old in surgical ICU and 28.063±5.2 years old in emergency ICU. More than half of nurses in surgical ICU had general diploma while only 15% of them had BSC Nursing. In emergency ICU, 45.8% of nurses had general diploma and 20.9% had BSC Nursing. The experience duration of nearly half of healthcare providers in surgical ICU ranged from 5-10 years, while in nearly half of studied health care providers in emergency ICU was less than 5 years. Training courses on infection control was received by 34.6% and 37.5% of health care providers in surgical and emergency ICU respectively (Table 1) .
Infection control obstacles in both ICUs
The main obstacles to implement infection control program in surgical ICU were work overload, inadequate resources and lack of infection control guidelines application, while in emergency ICU, these were inadequate resources, improper design, lack of guidelines and insufficient training (Figures 1,2) . Healthcare providers' knowledge about nosocomial infection and CVC:
The majority of healthcare providers in both ICUs had adequate knowledge about nosocomial infection which increased to 96.15% and 96.9% in surgical ICU and emergency ICU respectively after intervention without significant difference between them. 34.6% and 18.6% of healthcare providers in surgical and emergency ICU respectively had adequate knowledge about CVC which increased to 81.8% and 88.5% in surgical ICU and emergency ICU respectively after intervention with highly statistically significant difference (Table 2) . Patients' characteristics in both ICUs.
The mean age of patients in surgical ICU was 40.02± 21.2 years old before intervention and 38.4 ± 21.7 years old after intervention while in emergency ICU, mean age of patients was 39.3±20.1 years old before intervention and 39 ± 20.4. years old after intervention (Table 3, 
4).
Duration of stay was 4.96 days before intervention and 4.6 days after intervention in surgical ICU , while it was 4.8 before intervention and 4.07 after intervention in emergency ICU.
The most frequent used site for catheter insertion in emergency ICU was internal jugular vein, with no use of femoral vein. Internal jugular vein was used in 54.2% and 60.1% of emergency ICU cases before and after intervention respectively. In surgical ICU, the most frequent used site before intervention was subclavian vein (63.4% of cases) , while internal jugular vein was the most used site after intervention (56.6% of cases) with no use of femoral vein (Table 3,4) . Physician attitude during CVC insertion in both ICU.
Before intervention 63% of health care providers in surgical ICU performed hand washing preceding CVC insertion with significant improvement in performance after intervention. In emergency ICU, only 20% of health care providers performed hand washing.
Before CVC insertion, all healthcare providers in both ICUs used povidone iodine for sterilization the site of insertion . In both ICUs of this study chlorhexidine was not used.
Before intervention, less than half of health care providers in both ICUs draped patients in a sterile fashion preceding catheter insertion with significant improvement after intervention in surgical ICU (Table 5, 6 ).
All healthcare providers in both ICUs wore sterile gloves during central venous catheter insertion before and after intervention, while none of them used hat and mask. Also there is highly significant improvement in physician practice in surgical ICU after intervention regarding use of sterile gown and fulfilling precaution by all personnel (Table 5, 6 ).
In surgical and emergency ICUs, 89.5% and 98.7% of the studied healthcare providers respectively, applied a sterile dressing after procedure.
Catheter related blood stream infection in both ICU before and after intervention CRBSI was clinically suspected in 3.9 % and 2.08% of surgical ICU cases before and after intervention respectively. It was confirmed by blood culture test in 3.0% and 1.8% of surgical ICU cases before and after intervention respectively Although the incidences of CRBSI after intervention were numerically less than those before intervention but statistically, there was no significant differences (Figure 3) .
CRBSI was clinically suspected in 1.96 % and 0.05% of emergency ICU cases before and after intervention respectively. It was confirmed by blood culture in 1.6% and 0.0% of emergency ICU cases before and after intervention respectively with statistically significant decrease in CRBSI after intervention (Figure 4) .
The most common organism in pre intervention phase in surgical ICU was Staph followed by klebsiella and citrobacter while candida albicans represented 7.7% of all detected organisms. However after intervention the most detected organism was klebsiella followed by E.choli and Staph ( Figure 5) . The most common organism in pre intervention phase in emergency ICU was Staph followed by klebsiella and citrobacter After intervention catheter related blood stream infection reached zero (Figure 6) .
The incidence of CRBSI decreased from 6.01/1000 catheter-days to 3.9/1000 catheter-days after intervention in surgical ICU , while it decreased from 4.01/1000 catheter-days to 0/1000 catheter-days after intervention in emergency ICU ( Table 7) .
The stay of patient with CRBSI in both ICUs before and after intervention, was prolonged and hence long hospital stay of these infected patients compared with others (Table 8) . 
(18)
. From the present study, the detected sociodemographic characteristics of the studied health care providers sample in surgical and emergency ICUs were nearly similar to the reported sociodemographic characteristics of the studied health care providers samples by other workers.
(13, 19 -21)
The present study showed that, the main obstacles to implement infection control program in surgical ICU were work overload, inadequate resources and lack of infection control guidelines application, while in emergency ICU these were inadequate resources, improper design, lack of guidelines and insufficient training. These obstacles can be solved by focusing on increasing infection control budget, intense training for health care providers and adapting standard infection control guidelines will solve 80% of the problem of CRBSI. This was in agreement with the finding of other workers (22) . From this study it was found that, majority of healthcare providers in both ICUs had adequate knowledge about nosocomial infection which increased to 96.15% and 96.9% in surgical and emergency ICUs respectively after intervention without significant difference. These findings were in agreement with the reported findings of Qayyum et al (9) , Ahmed (19) , Abd EL-Aziz (23) , and Adebimpe et al ., (25) .. The present study showed also that, only 34.6% and 18.6% of healthcare providers in both ICUs had adequate knowledge about CVC which increased to 81.8% and 88.5% in surgical and emergency ICUs respectively after intervention with highly significant difference between them. This was attributed to effective health education message delivered during the intervention phase. These findings were opposite to that reported by Ahmed (19) . He reported that, more than half of his studied group from healthcare providers had adequate knowledge about CVC.
From the present study it was found that, the mean stay period was 4.96 days before and 4.6 days after intervention in surgical ICU , , it was 4.8 before intervention and 4.07 days after intervention in emergency ICU. These findings were similar to that reported by Longmate et al. (26) and CherryBukowiec et al. (27) . Z.U.M.J.Vol.19; N.6; November; 2013 -503-
An Interventional Study To Decrease Central ………
From the present study it was found that, the most frequent used site for catheter insertion in emergency ICU was internal jugular vein 54.2% and 60.1% of cases before and after intervention respectively with no use of femoral site. In surgical ICU, the most frequent used site before intervention was subclavian vein (63.4%) , while internal jugular vein was the most used site after intervention (56.6%) with no use of femoral site. These findings were nearly similar to that reported by other workers. (26, 28) From the present study it was found that, 63% of health care providers in surgical ICU performed hand washing preceding central venous catheter insertion before intervention with significant improvement in performance after intervention . This finding was similar to that of Sean et al. (3) . In emergency ICU, only 20% of health care providers performed hand washing , This finding is in partial accordance with Ahmed (19) who reported that half of healthcare providers didn't wash their hands before catheter insertion.
The detected low percent of health care providers who performed hand washing in emergency ICU may be attributed to inadequate resources in that ICU beside healthcare providers' attitude regarding hand washing, This attitude had been improved significantly in post intervention phase after dissemination of CDC guidelines and the significant improvement in infection control infrastructure .
From the present study it was found that, all healthcare providers in both ICUs performed skin sterilization by povidone iodine before CVC insertion In both ICUs of the present study, chlorhexidine was not used for skin sterilization. A meta-analysis of 4,143 catheters suggested that chlorhexidine preparation reduced the risk of catheter related infection by 49% relative to povidone iodine (29) . The present study clarified that less than half of health care providers in both ICUs draped patients in sterile fashion preceding catheter insertion with significant improvement after intervention in surgical ICU .This result was in accordance with Ahmed (19) reported findings but in contrast with Sean et al. (3) reported findings. They reported that, 85% of healthcare providers draped patients in a sterile fashion.
This present study also clarified that, all healthcare providers in both ICUs wore sterile gloves during central venous catheter insertion before and after intervention, while none of them used hat and mask . Also it showed that there is highly significant improvement in physician practice in surgical ICU after intervention regarding use of sterile gown and fulfilling precaution by all personnel. These finding were similar to that reported by Taylor et al. (30) but against to thast reported by Sean et al. (3) . They found that 92% of healthcare providers used hat, mask, and sterile gown and 100% of them used sterile gloves.
From the present study it was found that 89.5% and 98.7% of studied healthcare providers in surgical ICU and emergency ICU respectively applied a sterile dressing after procedure .These findings were similar to that reported by Sean et al.
(3) , Ahmed (19) , Abd El-Aziz (24) and Gillies et al (31) . Also from this study, it was found that, the incidences of CRBSI based on clinical suspicion in surgical ICU were 3.9 % before and 2.08% after intervention while the incidences of CRBSI that was confirmed by blood culture test were 3.0% before and 1.8% after intervention . Although the incidences of CRBSI after intervention were numerically less than that before intervention but statistically, there was no significant differences. The incidences of CRBSI that had been detected in the present study were higher than that reported by Sallam et al. (32) , and similar to that of van der Kooi et al (33) and lower than that reported by El Nakera et al. (13) which was 12.0%. Also from this study, it was found that that, the incidences of CRBSI based on clinical suspicion in emergency ICU patients were 1.96 % before and 0.05% after intervention respectively while the incidences of CRBSI that was confirmed by blood culture test were 1.6% before and 0.0% after intervention.
Statistically, the incidences of CRBSI after intervention were significantly less than those after intervention. The incidences of CRBSI that had been detected in the present study were similar to those reported by Sallam et al. (32) , Dogru et al. (34) and Sood (35) .
From the present study, the most common detected organisms in surgical ICU were Staph, klebsiella and citrobacter while candida albicans represented 7.7% of all detected organisms. However after intervention the most common detected organisms were klebsiella, E.choli and Staph. In emergency ICU the most common organism in pre intervention phase were klebsiella and citrobacter. After intervention, the occurrence incidence of CRBSI reached zero. The most common organisms that had been detected in the present study, differ from those detected by some other workers. Sunmi et al. (5) reported that, the most common pathogens identified at baseline were Candida species, followed by Staphylococcus aureus and coagulase-negative staphylococci.
During the intervention period, there was a decrease in the percentage of gram-negative bacterial isolates and a relative increase of grampositive bacterial isolates. This phenomenon persisted until the period after the intervention, except for the increase of CA-BSI by Acinetobacter species. I From the present study, it was found that, the incidence of CRBSI decreased from 6.01/1000 catheter-days to 3.9/1000 catheter-days after intervention in surgical ICU , while it decreased from 4.01/1000 catheter-days to 0/1000 catheterdays after intervention in emergency ICU These finding were in accordance with the reported findings of Longmate et al. (25) , Pronovost et al. (35) and Sunmi et al. (5) From the present study, it was found that, the stay of patient with CRBSI before and after intervention, in both ICUs was prolonged and hence long hospital stay of these infected patients compared with others This result was similar to El Nakera et al. (13) . The prolonged stay in ICU augments the risk and danger of catheter related blood stream infection (36) . In conclusion, This study revealed that, implementation of simple education program increased adequacy of knowledge, improved the practice of healthcare providers and reduced CVC blood stream infection rates in ICUs by almost 50%, during the intervention period.
